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ABSTRACT 
A number of inve tigators have reported results 
of laboratory tests whi ch indicate that certain 
type. of room heating units distribute the heat in 
the room more effectively than do other types. One 
purpose of the tests reported in this Circular was to 
determine if the differences in heat requirements as 
indicated by laboratory te ts also exist when the 
heating unit are operated under normal usage 
conditions with thermostatic control. 
The five different types of room heating units 
li. ted in Table 1 were included in the tests. The 
ame location was u ed for the radi ator or convector 
in each room in all series of tests except in the case 
of the ba eboard units, which, because of t heir 
length , extended a considerable di tance to either 
side of the po itions used for the rad iato rs and con-
vector . A design water temperature of 215 ° F . was 
maintained in the gas-fired , one-pipe, forced-
circul ation, hot-" ·ater heating system used with 
each type of radiation . Only minor changes were 
made in runouts wh en changing from one type of 
radiation to another. 
Principle results of these tests are tabulated in 
the ummary Table. At de ign indoor-outdoor tem-
perature difference (80° F. ) the fu el consumption , 
boiler water temperature, flue ga temperature, C02 
in the flue gas, boiler effi ciency, and circulator 
operating time were independent of the type of 
room heating unit. 
Fuel consumption findings in the Research 
Horne were not consistent with previous laboratory 
result . It may be concluded from this that fuel 
con umption is more dependent on the location of 
the heating unit in the room and the method of 
operation than on the design of the heating unit 
it elf. 
While the mean water temperature was essen-
t ially the same for all series of tests at design 
conditions, it was less than the design water tem-
perature by about 30° F. Thus, in no series was 
the full output of the room heatin g unit required 
to satisfy the room heat los . Based upon accepted 
relationships between water temperature and heat 
output, the capacity of the room heating units used 
in each series of tests could have been reduced by 
about 30% and still have sufficient capacity to 
offset the design heat loss. 
Minor differences in floor to ceiling room-air 
temperatures, first and second sto ry air tempera-
tures, mean radiant temperatures, wall surface 
temperatures, and cyclic air temperature variations 
were observed for the different unit , but none were 
of sufficient magnitude to have a significant bearing 
on t he comfort conditions in the house. 
The floor to ceiling temperature difference " ·as 
greater when the 32-in. radiator was used than it 
was during any of the tests of the other units. This 
difference produced by a room heating unit is de-
pendent upon a number of factors, including the 
location of the unit in the room, the physical 
dimensions of the unit, the rate of heat emission 
per ft of length, and t he method of operation. 
In general, the second tory was warmer than 
the first story, and the difference became more pro-
noun ced at large indoor-outdoor temperature differ-
ences. The type of room heating unit did not seem 
to be a factor. 
There was less variation in the room air tem-
peratures at all levels when cast iron heating units 
were being used. 
The type of room heating unit did not affect 
the mean radiant temperature at the center of the 
room. The mean rad iant temperature was always 
slightly above the dry bulb temperature, the differ-
ence increasing approximately 1 ° F . for a 60° F. 
decrease in outdoor temperature. 
Summary Tab le 
Series Daily Fuel M ea n Water 
Consumption, 
cu ft/ day 
Temp., °F. 
19R 1140 182 
25R 1120 182 
32R 1130 I 2 
20C 1130 181 
9B 1100 177 
Summary cf Test Results 
(Indoor-Outdoor T emperature Difference =80° F.) 
Air Temperature at F loor to 60" Level Air Cyclic Variation in Air 
30" Level, °F. Temp. Diff., °F. T emp. at 30" Level 
First Second Dining Living Dining Living 
Story Story R oom R oom Room Room 
72 . 1 73 .6 7 . 2 5 .9 0.4 0 .5 
72 .3 73 .7 6 . 6 5 .4 0 . 9 0 5 
72 . 7 76 .6 7 .0 8 .4 0 .6 0 .2 
72 .4 74.6 7 .9 6 .8 2 .1 1 . 7 
72 . 1 75 . 1 5 . 1 6 .6 1 .0 1.0 
Avg. Su rface MRT Minus 
Temp. VValls , Air T emp. at 
Floor and 30" Level in 
Ceiling Li ving 
Livi ng Room R oom 
71 .7 1 .5 
71 .3 1 .5 
72 . 1 1 .5 
72 .0 1 .5 
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I. INTRODUCTION 
1. Prel iminary Statement 
T his Circular is the seventeenth of a series pub-
lished under a cooperative agreement bchYcen t he 
In t itute of Boiler and R adiator M anu facturers 
and t i University of Illinois. Under the terms of 
the ag reement, first approved .January 2, 1940, the 
Institute is represented by an Advi sory R esearch 
Committee whose duty is to propose problems fo r 
im·cstigation which arc of the greatest interest to 
manu facturers and installers of steam and water 
heating equi pment. The staff of t he Engineering 
Experiment Station assigned to this investigation 
"elects fo r study those problems which can be best 
inYc t igatcd wit h the facili ties and equipment avail-
ab le at the Unive rsity . A major part of the funds 
necessa ry for this work is provided by t he Instit ute. 
Previous Bulletins in this eries have reported 
on the performance of different types of steam and 
hot-wate r heating system , various types of radi-
ato rs and convectors, and of indirect water heaters 
attached to t he hou e heating boiler. Emphasis has 
been placed on service perfo rmance in cluding t he 
cost of operation. 
A nu mber of investigators liaYc repor ted rc-
ti ul ts of laboratory tests which indicate t hat cer-
tain ty pes of room heating uni ts dist ribu te t he heat 
in the room more effec tively than do other 
typcs.< 1• 2 • 3• •l* In fact, it has been demonstrated 
by these tests t hat, under given laboratory condi-
* Exponent numerals refer to Heferences. 
7 
tions, some room heating uni ts require less heat 
( fuel consumpt ion) t han do others to heat a room 
to a given temperature at a given point. 
There is a lack of in formation concerning 
whether or not the laborato ry tests reveal t he com-
parative performance of t he different types of room 
heating units under ac tu al service conditions. To 
expand the information available, a direct com-
parison of the operation of five different room heat-
ing uni ts under conditions of actual usage was made 
in the I = B = R Research H ome during the winters 
of 1951-52 and 1952-53. The units installed in-
cluded three sizes of cast-iron radiators, a non-
ferrous fron t outlet convector, and a finned tube, 
non- fe rrous radiant baseboard . The same one-pipe, 
fo rced-circulation ho t-water heating system was 
u eel in all tests. Only minor changes were made 
in radia tor runouts when changing to different 
heating uni ts. 
Acknowledgment is made to the manufacturers 
who co-operated in this program by supplying 
equipment used in the tests . 
2. Object of Investigation 
This in vestigation was undertaken to determine 
\\·hcthcr there is any difference in the sea:::onal fuel 
consumption or comfort condi t ions produ ced within 
a home by different types of room heating units 
when installed in a convent ional ho t-water system 
and subj ected to actual usage conditions under 
t hermostatic control. 
II. DESCRIPTION OF EQUIPMENT 
3. l= B= R Research Home 
The Research Home, shown in Fig. 1, and 
de cribed in detail in an earlier BulletinP• > was a 
two-story dwelling built in 1940 and designed and 
furnished to represent the well built American 
home of that date. The construction was brick 
veneer on wood frame, and all outside walls and 
the second story cei ling were insulated with mineral 
wool batts 3% in. thick. A vapor barrier on the 
room side of the insulation and studs prevented 
condensation in the insulation and on the sheath-
ing by retarding the passage of water vapor from 
the rooms into the walls. The calculated over-all 
coefficient of heat transmission, U, for the wall 
section was 0.074 Btuh per sq ft (F.). All windows 
and the outside door were weatherstripped , and 
torm doors were used on the two outside doors . 
The calculated heat loss of the house at design 
temperatures of - 10° F. outdoors and 70° F. in-
doors was 43,370 Btuh, excluding basement heat 
lo ses. 
4. Heating System 
The same gas-fired, one-pipe, forced -circu lation, 
hot-water system, designed in accordance with 
I = B=R Installation Guide No. 100, was used in 
all tests. H owever, a different type of radiation 
was used in each te t series. The basement plan 
with piping layout is shown in Fig. 2. The system 
Fig . I . /= B= R Research Home 
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Tabl e l 
In stalled Rad iation in l= B= R Research Home 
Room H eat Loss Se ri es 19 R • Se ries 25R* Series 32R • Series 2oc• Seri es 9B* 
Btuh Sec- Output Sec- Output Sec- Output Length D epth Output Active Output 
tions Btuh tions Btuh tions Btuh Btuh Length Btuh 
Li ,·i ng Roo m 5 , 749 7 2,820 8 3,020 4 3 ,560 16" 8" 2,700 91-611 5 ,970 
7 2,820 7 2,670 3 2,670 16" 8" 2,700 
Dining Roo m 5,342• 14 5,450 14 .5, 160 6 5 ,350 2-t" 10" 5, 130 8'-6" 5,340 
Kitchen 3, 199 8 3, 190 8 3,020 ·I 3,560 16" 10" 3 ,230 4'-6" 2,830 
Vestibule 4 ,848 t4 h 4 , 905 1-l " 4 ,640 1-P" c ·1,905 24" JO" 5 , 130 H Sb.o 4,905 
Lavatory 1, 484 5 2,070 4 1,600 2 1 ,780 16" 6" 2, 120 3'-0" 1,880 
S\V Bed room 5,250 13 5,070 14 5 , 160 G 5,350 2-l" 10" 5, 130 8'-6" 5, 340 
NW Bed room 4 ,944 13 5,070 14 5, 160 6 .5 ,350 2-l" JO" 5, 130 8'-0" 5,030 
NE Bed room 4,393 LI 4 ,320 12 4 ,4.50 .; ·1,.150 24" 8" 4 ,470 7'-011 4,400 
Bath 2,606 7 2,820 8 :i,020 3 2,670 16" 8" 2,700 7 Sb.' 2,820 
Stair 2 ,155 ijb 2,2 14 6" 2,090 6"· c 2 ,214 16" 6" 2, 120 6 Sb. ' 2 ,2 14 
39,970 40 ' 749 39 ,990 41,859 40 ,560 40, 729 
a lleat loss corrected for internal heat sources; " Rec~ssecl rad iator; c 19", -l- tubc rad iator ins talled. 
•series 19R: 19", 4-tube cast-i ron radiators, small tube type. 
Series 25R: 25", 3-tube cast-iron radiators, small tube type. 
Series 32R: 32", 6-tube cast-iron radiators, small tube type. 
Series 20C: Front ou tlet , non-ferrous convector, 20" high. 
Series 9B: Nonferrous baseboard , 9)4" high. 
Fig . 4 . Cast -Iran Radiators Tested 
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Fig . 5. Non -Ferrous Convector Tested 
was equipped with a 1-in. circulating pump and an 
angle flow control valve. Design water temperature 
was 215 ° F. 
The dry bottom, ca t -iron boiler was made of 
three 4-in. sections insulated on the four sides and 
top by a 1-in. mineral wool blanket. It was com-
pletely enclosed by an enameled sheet metal jacket. 
Cracks between sections and a round the base were 
:::ealed to prevent leakage of gas into or out of the 
boiler, which was fired by a single port gas con -
version burner using natura l gas with a heat con-
tent of 1000 Btu per cu ft. The firing rate \\·as 
maintained at 100 cu ft per hr in all tests, and t he 
carbon dioxide content of t he flue gas was main-
tained at 8% by adj usting the air supply to the 
burner. 
The control sy tern in cluded a heat anticipating 
room thermostat, both high limit and low limit 
temperature controls for boiler water, a magnetic 
ga valve, a gas safety pi lot, and a transformer. 
The room thermostat was located in t he living 
room on an inside wall and 30 in . above the floor 
(see Fig. 7). The immersion type high limit control 
was located at the top of the back section of t he 
boiler. It stopped the burner when the boiler water 
temperature reached 235 ° F., but allowed t he circu-
lator to continue operation. 
The low limit control, located in the rear section 
of the boiler about 26 in. above the bottom of the 
water leg, was set to start the burner (but not t he 
circulator) whenever the boiler water ternperatm e 
dropped to 165° F. Thi type of control added the 
standby loss which would be occasioned if the 
boiler were being used to supply domestic hot water, 
Fig . 6 . Boseboord Tested 
but no heating of wa te r \\·a · done during the te::Jts. 
A diagram of the control circuit is shown in Fig. 3. 
5. Installed Radiation 
The five different types of room heating unib 
illustrated in Figs. 4, 5 and 6 were included in the 
tests. Investigation of the perform ance of each size 
or type of unit constituted a series. The same loca-
tion was used for the rad iator or convector in each 
room in all se ries of tests except in the case of the 
baseboard uni ts, which extended a considerable 
distance to either ::: idc of the positions used fo r 
the radiators and convcctors. Locations of the 
heating units a rc shown in Fig. 7, t he number in-
stalled in each room is given in Table 1, and t he 
basis of selection is described in Section 7. Th e 
following is a descri ption of the heating units used 
in each test series: 
Series 19R: For t his test series, 4-tube, cast-
iron radiators 19 in . high were insta lled. Except fur 
the recessed radiato rs in the vestibule and stair 
landing, all uni ts were free standing with approxi-
mately 2-in. clearance between the \\·all and radi -
ator. 
Series 25R: Three-tube, cast-iron radiato rs 25 
in . high \\·ere used in these tests. They were in-
stalled in t he same manner as the units used in 
Series 19R. 
Series 32R: Six-tube, 32-in. cast-iron rad iato r · 
were installed in all principal rooms. Sin ce t hese 
units were as high as the window sill , it was neces-
sary to place them about 21/:! in. from t he wal l. 
The recesses in the ve ti bule and stair land ing 
\\"Otdd not accommod ate radiator::: 32 in. hi gh, and 
sin ce it was necessar~' to recc=-s t he heating uni ts 
in these locations because of the liniitcd flour :<pace , 
4-tube, 19-in. radiator:; \\"Cre used. 
Cir. 68. COMPARISON OF THE PERFORMANCE OF VARIOUS ROOM HEATING UNITS 
SW Bedroom 
11'-4"x 13'-0 " 
NW Bedroom 
13'- 4 "xl0'-6" 
Ceiling heights, First floor 8'-3", Second floo r 7'-9" 
-
Legend 
20" Convector heating unit, Series 9B 
Boseboord heating unit, Series 9B 
SW Bedroom 
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N W Bedroom 
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NE Bedroom 
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Ceiling heights; Firs/ floor B'-3'', Second f loor 7'-9" 
Legend 
- Heotinq units, Series 19R, 25R, 32R, ond 20C 
~ N 
Dining room 
lt'-3" x 13 '-1" 
Dining room 
ll'-3 "x13'-1" 
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Living room 
13'-4"x 24'-o" 
Living room 
13'-4"x 24 '-o" 
Fig . 7 . Floor Pfons of l= B= R Research Home Showing Location of Room Heating Units 
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Series 20C: Front outlet, non-ferrous C'Gn\'ec-
tors, 20 in. high were used in these test;;: . The heat-
ing element consisted of one row of 1 ~-in . copper 
tubes on 2-in. centers with attached copper fins 
211-1 in. high and lfs in. apart. The length of the :fin 
depended on the depth of the convector (:=;cc Table 
1). An effort \vas made to keep the length of the 
convectors approximately the same as the length 
of the radiators, which made it ncccs:::ary to var.'' 
the depth of the convector from room to room in 
order to get the desired output. 
Series 9B: The baseboard unit used in thi::; 
series consisted of nominal % -in. copper tube on 
which 2-in . by 41/,1-in. aluminum fins were bonded 
at a spacing of 40 fins per foot. The clement wa,; 
concealed by a sheet metal enc losure haying an 
onr-all height of 911-1 111. 
6 . Instrumentation 
The Research Home was fully equipped with 
instruments to measure operating conditions of the 
heating system and temperatures produced. A 
group of approximately 50 thermocouples was pro-
vided for the measurement of air temperatures at 
variou levels in the center of each room, in t he 
attic, and in the ba emcn t. In these tests pro vi ·ion 
was made for measuring the inlet and outlet water 
temperature at each radiator, as "·ell as the tem-
perature of the water ente ring and lcaYing tlw 
boiler. 
All thermocouples were connected to selector 
"''·itches on a centrnl s\\·itchboard in the ba,.;emcnt. 
The clcctromoti ,.c f orcc (cm f) of each the rmo-
couple could be read quickly on a preci;;ion poten-
t iometer used with a scnsiti,·c galYanomctcr. Con-
tinuous printed record:-< of the emf" produced by a 
given group of thcrmorouplcs could be obtained 
h.'' use of a 10-point rccorcling potentiometer. 
Recording thermometer,; were u;;;cd to make con-
tinuou,; records of the air temperature;;: in carh of 
the six rooms, the outdoor air, and the flue gn:-: 
temperature:-<. The CC\~ rontcnt of the flue ga" "·a" 
measured by an Orsat apparatus, ancl the rnoi,;turc 
rontcnt of the air \\·as mca,.;urcd b.'' mean,; of four 
humidit:-' inclicator;;; and a rcrording hygrometer. 
An elbo\\· meter installed in the return main \\·a~ 
used in connection \\·ith a cliffcrcntial pre;;,;urc' 
recorder to mca;;:ure the total amount of \\·atcr cir-
C'ulatcd b.'- the pump. (.-.J 
E lectric clock;;: \\·ere "·ired into the circuit in 
such a \Ya _\" as to indicate total t ime of operation 
of burner and circulator. Ca,; con,;umption of the 
burner was mcasmcd with a dry test meter cali-
brated to 0.01 cu ft. 
An unheated globe t hermometer \\·as u,;cd in 
t he ~tudics of mean radiant tc1npcraturc. The globe 
was a blackened copper ;.;phcrc 8 in. in diameter 
and had fine \\·ire thermocouple,; cmbccldcd in the 
surface. Other thermocouples 111ea:-:ured the am-
bient air temperature 3 in. from the sphere. 
Ill. TEST PROCEDURE 
7 . Selection of Equipment 
In order to have a fair ba is of com parison, t he 
innstigators used the actual tc t output of each 
unit in sizing of equipment. Output tests were made 
in a warm wall test booth, using hot water as t he 
heating medium . A temperature drop of 20° F . 
" ·a:- established in t he test unit, and t he weight of 
'rntc r fl owing in a given t ime was measured. The 
output was then plotted against water-to -air tem-
perature difference. A schematic arrangement of 
the te:::t equi pment and a drawing of the test booth 
arc :::hown in F igs. 8 and 9, respectively . 
In operation, the prima ry steam heat exchanger 
" ·a operated at capacity and the seconda ry heat 
exchanger and electri c heater were used separately 
or in series as required to obtain the exact inlet 
wate r temperature des ired. The wa ter flow rate was 
adj u tcd to establish t he de ired temperature drop . 
A te :o t was started wh en the a ir temperatures 
in and around the booth and the water temperatures 
in and out of t he test uni t were stabilized. Air 
temperatures in the centra l axis of t he booth were 
rnea"urcd at distances of 3 in ., 18 in ., 30 in ., and 
60 in. above the floor and 3 in . below t he ceiling, 
as shown in F ig. 9. Also, t he temperature of t he 
air in t he booth was measured at four points, 3 in . 
above t he fl oor and 18 in . in front of t he room 
heating uni t. These thermocouples were shielded to 
eliminate t he effect of rad iation . Air temperatures 
one ft outside the booth were measured a t poin ts 
indicated in F ig. 9. The average of t he four air 
temperatures 18 in. in front of t he uni t was con-
idercd to be t he inlet air temperature fo r t he 
\\·ater- to-air temperature di fference. The wate r 
temperature used in the parameter was t he aver-
age of the temperatures measured at the inlet and 
outlet ends of the test unit. 
The tests were run for a period of 10 minu tes, 
during which the total weight of water fl owing was 
measured . \Vater temperatures were measured 
every two minutes during t he test, and air tem-
peratures were taken every five minu tes. This 
procedure is substantially t he same as prescribed 
in the T esting and R ating Code fo r Convectors, 
13 
Commercial Standard CS140-47, of the U. S. D e-
partment of Commerce. 
F. E. Giesecke and A. P . K ratz lrnYc reported 
that the outpu t of small-t ube radi ators between 19 
and 25 in . tall could be expressed by the followin g 
fo rmula : ( Gl 
If = 0. 01-l (nh)085 (lw - la)U (8 + 1/ 2) (1) 
111 which 
JI = heat emission, Btuh 
h = height of radiator, in ches 
n = number of tubes per section 
8 = number of sections per radiator . 
Because the radiator::; u:;ed in Rcri e:s 19R and 
Ven/ 
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1'- 10" 
L "- M 
Overflow pipe 
F- Heal exchanger 
Ven/ t 
36 ' Floor level 
25' 
0-Slarage lank 
11' f /-Heal 
1 
exchanger 
9' J - Weighing lank 
Fig . 8 . Schemat ic A rrangement of Test Equ ipment 
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25R were of the same size and design used in the 
determination of this formula, and the test pro-
cedures were approximately the same, the formula 
" ·as used to e tablish the output of these units 
without further experiments. 
Check tests were run to check the actual output 
of the 6-tube, 32-in. radiators u cd in Serie:; 32R. 
A 3-section unit and a 6-section unit, representing 
the shortest and longest units actually installed in 
the Research Home, were tested. The actual out-
put at design conditions of 150° F. water-to-air 
temperature difference was 5.6% lower than pre-
dicted for the six ection unit by equation (1) and 
only 2.1 % lower than predicted for the three sec-
t ion unit. 
Thermocouple probes on the surface of the 
radiators indicated that water circulated free ly to 
the top of the 3-section radiator, and that there 
was no short circuiting of wate r flow through the 
bottom of the unit. Since the differences bct\\·cen 
the test outputs and those calculated b? equation 
(1) were 'Yithin normal experimental error, the 
equation was used to establish the outputs of the 
6-scction 32-in. radiators. 
Th e cataloged and test \rntcr heat outputs of 
the brn 10-in. deep convectors u:=:ecl in Series 20C 
a rc shO\\·n in Fig. 10. Since the cata]og and te:-;t 
values of output agreed vcr:-· closely, no check te::;t:-; 
were run on units hav ing cores 8 in. or 6 in. deep. 
The water heat outputs based on catalog ratings 
were used in selecting the amount of radiation re-
quired in each room. 
The test output of the finned tube ba~eboard 
unit is shown in Fig. 11. Th e output at standard 
conditions 'ms determ ined to be 605 Btuh per 
linear ft. 
1 
I 
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Fig. 10. Test Outp ut of 20-in. Convectors 
The radiation selected on the basis of the out-
put test::; is shown in T able 1 and is compared with 
the heat loss of the Research Home. 
8 . Method of Testing in Re search Home 
During all the tests in the R esearch Home a 
gas burning rate of approximately 100 cu ft per hr 
was maintained. The burner was so adjusted that 
a C02 content of approximately 8% was obtained 
at the flue outlet of the boiler. Th e natura l gas 
used ( upplied from t he T exas-Oklahoma Pipe 
Linc) had a high heating value of 1000 Btu per 
cu ft. 
Ob:::crvations of the room a ir temperatures, aR 
determined by thermocouples located 3 in ., 30 in., 
and 60 in. above the floor and 3 in . below t he ceil-
ing were recorded at 8:00 a.m., 11 :00 a.m., 5:00 
p.m. and 10:00 p.m. Th e temperature of the air in 
the baRcmcnt and in the attic and the rclati\'e 
humidity in t he heated portion of the hou Rc were 
a lso obRcrnd at these times. 
Complete daily records were made of the oper-
ating time, the number of cycles and the power 
conrnmption of the gas burner, and the cubic feet 
of gas consumed. 
Continuous recording,; were made of the stack 
temperature and draft, t he temperature of t he 
wate r at the boil er outlet and return , the outdoor 
a ir temperature, the indoor relative humidity , and 
the a ir tem perature in each room 3 in. and 30 in. 
aboYc the floor and 3 in. below the ceiling. Other 
daily observations in cluded t he tota l amoun t of 
electricity , gas, and water used in the houRc, and 
general weather con di t i on . 
The normal occupancy of t he R esearch Home 
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Fig. 11 . Te st Output of Boseb oard 
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at the time the tests were being made consisted of 
two persons at night and a sta ff of three pcrRon s 
during the normal "·orking cl ay. Obviously , no set 
Rchcdulc could be established for the use of entrance 
door;;;, but care " ·as taken to avoid their unneccs-
:ar:; u~c and to keep them closed tightlv \\·hen no t 
being used . 
Previous \\·ork at the Re:::cnrch Home indicated 
that the effect of different room heatin g units on 
the fu el con:;:urnption would probnbl>- not be grea t. 
Therefore, it was desired to set up uniform test 
conditions for \\·hich a variation of about 5% 
would be significant \\'hen comparing fuel con-
sumption . 
The uncontrollable variable:-; 11·hich roulcl affect 
rc::;u I ts were: 
a. Solar H eat: Th e inten:::it>· and duration of 
sunli ght falling on the hou~c \'aried. 
b. Occupancy: Th e number of occupants dur-
ing the day was not compl ctc l>· predictable. 
Since a normal person doing office wo rk give::; 
off about 500 Btuh , it wa~ desirable to set 
up a test \\·herein occupancy \\·as nearly uni-
form throughout each period. 
c. TVind: The R esearch Home 11·as shielded 
from the prcyailing 11·cst wind b>- a house 
next door, bu t 11·incl variation,; affected the 
heat lo~s in a minor \my. 
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cl. Sky R adiation: This becomes noticeable at 
night and depends on t he cloud cove r. Be-
cause of sky rad iation outside building Rur-
faces may actua lJy become colder t han out-
side air on a clear night, possibly resul t ing 
in increased fuel consumption . 
Since Items (a) and {b) probably have t he 
greatest effect on fuel con umption , it was dec iclecl 
to operate on a daily "test period" of 15 hours 
length, from about 5: 00 p.m. to 8 :00 a.rn. , " ·hen 
Ro lar heat and occupancy vari ations \\·ere at a 
rn mmrnrn . The gas meter reading was recorded 
at t he encl of a burner operating period nea r 
5: 00 p .m. and again at 8 :00 a .m . This assured 
the same house condi t ions a t beginning and end of 
eve ry test period ; however, the actual length of t hr 
test period depended on operation of t he cont rol 
Rystem. Therefore, a ll fuel consumptions \\·e re co r-
rected to a 15-hour test period by diYiding thr 
ob~e rved fue l consumption by the actua l length of 
test period in hours and multipl~· i ng t he quotirn t 
by 15. 
IV. RESULTS 
9 . Fuel Consumption 
Fuel consumptions for l 5-hour test periods ob-
tained \Yith the ya rious uni ts over a range of 
indoor-outdoor temperature di ffcrcnces a rc shown 
in F igs. 12a t hrough 12c. The curves a rc compa red 
in Fig. 12f. The standa rd deviation, \\·hich i::: the 
band on either ~id c of the curve in question \\"hich 
11·ou id inclucic 68 % of a il test point,;, 11·as calculated 
for each curve by t he formula 
8 = ·tandard deviation 
d = deviation of test points from curve 
N = number of test points. 
(2) 
The standard deYiation for Se ri es 19R (Fig. 12a) 
11·a,.; 2.3% of the fuel consumption at an indoor-
outdoor temperature difference of 40 ° F. While 
fuel conf'umption curYes fo r 24-hour te,.;t periods arc 
not contained in this report, such cu1Te;; 11·c rc 
plotted and the 1;:tandard deviations ca l cu lated. The 
,.;tandard deviations for the 24-hr test periods 11·c rc 
approx im ately 5% of t he fuel consumption at an 
indoor-outdoor temperature difference of 40 ° F. 
The fact that the percentage error for the 24-hr test 
periods \\"a·· about twice as la rge as for the 15-hr 
period::; indicated t hat Yariations in the in tensity of 
,.;olar rad iation and in t he da~· time occupancy of the 
hou,:c 11·ere affecting the daytime fue l conrnmption 
and that the 15-hr night time period 11·as . therefo re. 
a better basis for compari son . 
It 11·ill be seen that as design conditions 11·e rc 
approached, the fuel consumpt ions for a ll five units 
tc::;tcd 1Ycre essent ially the amc. For milder 
11·eather, the fuel consumption curves separated 
slightly, with t he lowest fuel consumption being 
for the 19-in. radiators. A single intermediate cun·e 
represents t he fuel consumption when the 25-in. 
and 32-in. rad iators or t he baseboard units 1Ycre 
used. The convecto1:s had t he highe~t fuel consump-
tion of the units tested , probably because the 1rnter 
in the :::~·stem 11·as heated to a s li ght!~- higher tern-
17 
peraturc during each c ~·clc tlrnn it 11·a::: fo r the 
othe r uni ts (sec Section 10). 
10. Flue Gas and Water Temperatures 
Continuous records made of t he Aue gm; tem -
peratures ~howcd t hat the temperature of the Aue 
ga,.; leav ing t he boiler 1rns the :::ame for a il se ri es 
of tests. The average maximum temperature \1·as 
abo ut 550 ° F. and was virtual!~· independent of the 
outdoor tem perature. This obseryation, coupled 
with the fact that t he C'02 content of the Aue gn" 
wa;; mainta in ed at 8%-, indi cated thnt the boiler 
effici ency 11·ns essentia ll~- the ~ame fo r all se ries of 
test,; nnd that the Aue gas lo,;:,; 11·a;; approxirnntel~-
24 % of the tota l heat input to the burner. «l 
Figure 13 shows the variations in the tempera-
ture of the 1rnter in the boil er and in one of t he 
room heating units for a complete operating cycle. 
While t he curves arc for Series 19R , the trend,; 
a rc rcprescntatiYe of the other . cri es a;; 11·ell. The 
bumcr and ci rculator 1Ycrc >:tarted by the room 
thcnno;;tat 7 minu tes after the sta rt of the test. 
Thi;; resulted in a sudden drop in the temperature 
of t he 1rntcr in t he boil er and an increase in the 
temperature of t he wate r in t he room heating unit. 
A· the burner and circulato r contin ued to operate 
t here was a gradual increase in the temperatu re of 
t he 11·atcr in bo th the boil er and t he room heating 
uni t. The actual rate of increase in temperature 
did vary somc11·lrnt from one se ri es of te~ts to 
nnothcr, depending on the total ll"ate r content of 
t he ;;; ~ · tern. As the 1rntc r content of the system 
11·as decreased (as for Series 20C for example) the 
rate of increase in temperature during the on-
pcriod of t he burner was in creased. 
Twenty-eight minutes after the start of the test 
the room thermostat t urned off the circulator. Th e 
burner continued to operate for another 4 minute;; 
by action of the low limit control. As soon as the 
circu lator stopped operating, the temperature of 
t he room heating units started to drop. Again , 
t here appeared to be a relationship bet11·een the 
Yoiumc of ll"ater contained in the heating unit and 
18 
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Table 2 
Water Temperatures 
. 'erirs 19R 2.5R 
\\~ ater Temp. Max. :!\lin. l\lcan l\l ax. l\lin. l\lean 
in l lcat ing 
Unit , ° F. 
I ncloor-Outdoor 
Temp. Diff., ° F. 
80 217 142 182 213 1.55 182 
60 194 122 1.55 188 13 1 155 
40 171 102 130 16.5 107 130 
20 148 82 103 141 84 103 
the rate of decrease in water temperature: the 
lower the water Yolume the more rapid the rate of 
decrease in temperature. During the 4 minutes 
t hat the burner was operating following the time 
that the circulator stopped , the temperature of the 
\\·atcr in the boiler ro e rapidly to approximate ly 
205 ° F. , the cut-out temperature of the low limit 
contro l. During the off-period of the burner the 
boiler water cooled at a rate of about 13 ° F. per 
hr. Thi rate of cooling was independent of the 
type of room heating unit in u e and was the same 
fo r all series of tests. 
Table 2 shows a comparison of the water tem-
peratures in the room heating units over a range 
240 
Nov. 27, 1951 
Outdoor temp = 33.0 F 
of boiler 
~ 120 1----+- ---l----+----+-----jft------1 
"' 0} 
" 
~ 80 ~----1-----+-----+----+------I 
~ 
Burner operotion 
Circulotor operot ion 
N W bedroom rodiotor 
80 '------'---~---~---~--~ 
0 20 40 60 80 100 
Time in minutes 
Fig. 13 . Water Temperatures, Ser i es 19R 
i n Room Heating Un i ts 
l\ Iax. 
203 
18·1 
16.5 
J.J.5 
32 R 20C \JB 
l\Iin. l\l can :!\l ax. l\lin. l\l ean :;\ l ax. l\ I in. l\ Ican 
160 182 212 127 181 187 132 177 
13·1 1.5.5 19.5 111 J.5·1 172 ll ·I 1.50 
108 130 179 9.5 128 158 \JG 123 
83 103 164 79 102 lH 79 \JG 
of indoor-outdoor temperature differences . At all 
indoo r-outdoor temperature differences the mean 
temperature of the \Yater in the room heating units 
1\·as about the same for Series 19R, 25R. 32R and 
20C and about 5° F. lower in Series 9B. 
Further examination of Table 2 reveals that at 
low indoor-outdoor temperature differences the 
maximum water t emperatmes generall ~' \\·ere higher 
in Series 20C than in the other serie:::, and lower in 
Series 9B. At design conditions, differences in 
maximum \Yater temperatures \Yere le:::s pronounced. 
The minimum temperatures " ·ere lo\\· in Series 20C 
and 9B onr the whole range of indoor-outdoor 
temperature differences. 
It should be noted that whil e the mean ,1·atcr 
temperatu re \Yas the rnme fo r a ll se rie>" at design 
eonclition::: , the mean \Yater temperatu re wa,.; le~,.; 
than the design \1·a tc r ternperatme b~· about 30° F. 
Thu,; , in no se ries "·as the full output of the room 
heat ing unit requi red to f'at i R f~, the room heat loss. 
Based on accepted relationships< 8 ·0 > behYeen \rater 
temperatme and heat output, th e capacit~r of the 
room hea ting units used in each se ries of tests 
could haYC been reduced b~' about 30% and sti ll 
ha,·e ~u fficient capacity to offse t t he design heat 
loss. 
11. Circulator Operating Time 
The re lationship bebYeen ci rculator operating 
time and indoor-outdoor temperature d iffe rence i:> 
shmrn in Fig. 14, which include;: test points for a ll 
fin se ries. The time of operation was independen t 
of the t~·pe of heating unit. Since at de,.;ign condi-
tion the fuel con sumption , boile r efficiency, and , 
to a certain extent, mean water temperatu re \1·e re 
found to be independent of the type of room heat-
ing unit , and since the ci rcu lator operating time 
was al:::o independent of t he type of room heating 
uni t , it is evident that, for any given indoor-outdoor 
temperatme diffe rence, the rate of heat input to 
the rooms wa,.; es:;:entia ll ~· the same for a ll the un it" 
tc::;ted. Since the units \1·e re a ll ,.;e lected on th e 
basis of water heat output as obtained b~, standard 
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80 
laboratory test prnccdurcs, <0 • 12 > it appear,; that the 
ratio of output under usage conditions to output 
at laboratory test conditions \Yas the same for a ll 
five units. 
12 . Air Temperatures 
Although there was little difference in fuel con -
sumption with the different type" of room heating 
units, this docs not ncccssaril~· mean that comfort 
conditions produced were C(]ual. While there i:; no 
complete index of comfort avai lable , roo111 air 
temperature may be con idcrcd as a partial mca:::-
urc of comfort produced. Strictly speaking, the 
only temperature under complete control "·as that 
of the air around the thermostat, 30 in. above the 
floor along the inside wall of the living roo111. Air 
temperatures at all other locations \\·ere free to 
seek their own level. Air temperature at the center 
of each room \\'as recorded during the night tc,.:t 
period for each test series. 
Figure 15 :;how:; air temperature differential 
cun·e~ for the living room during 8eric:; 19R. 8irn-
6 
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Fig . 15. living Room Air Temperature Gradients, Series 19R 
ilar curves \\·ere obtained for a ll the other tc,.:t 
:,;cries, but since the~· showed no significant differ-
ence from those c:ho11·n they arc not reproduced in 
thi,; report. Rc,;ult,; for living room and dining ro0111 
arc reported in Table 3 a:,; the~· rcprc1'cnt the great-
c:;t difference bel\\·ccn room,; in the Research Hollle. 
The dining room had the greatest heat Jo,;,; per 
unit volume and had t he greate,;t te111perature 
differential; the living roo111 had the t-: ma ll c:;t heat 
lo,;,; per unit Yolumc and normally had the ;;malle,;t 
air temperature cliffcrcntial. <10 > 
The air temperature differential,; in the li\·ing 
room and dining roo111 at indoor-outdoor tempera-
ture differences of 50° F. and 80 ° F. and for a ll 
:,;cries of te"ts arc giYen in Table 3 . The va lue,; in 
thi s tab le "·ere obtained from cun·c:;; ::;imi lar to 
those in Fig. 15. Eighty degree indoor-outdoor 
temperature differences \\·ere not expe rienced in a ll 
series of tests, so it waR nccc::;sary to extrapol ate 
the cun·c~ 10° F. , to 20 ° F. in c:omc ca~e:; to obtain 
the gradients at design condition:;_ PrrYiou:-< te;.:t,; 
haYc shown :;uch extrapo lation;; to be f'afc. :.Iore-
OYcr. for an indoor-outdoor tc111pcraturc differenee 
of 50° F.. the te111peraturc gradient,; 11·rrr 11·el l 
1Yithin the range of te~t data for a ll ::;eri c;;, and 
they di,.:pla~· ecl the Ra111e charaeteri ::;tic,; a,; tlto,;e at 
an indoor-outdoor tc111pcraturc difference of ~0 ° F. 
cxrcpt that t he range of cliffcrcnrcs \\·as le:-;,; pro-
nounced. Th e only con si~tcnt tl'cnd ,; hmm b» T ab le 
3 is t hat the floor to cei ling temperature clifferenre 
1\·as greater for Seri e~ 32R than for an>· other ,;eric;.; . 
Differences bct\\'ccn the result,; of the other four 
c:crics \1·cre in:-:ignificant considering the ,;prcad in 
tc;.:t rn lu c:-: indicated in Fig. 15. 
The floor to ceil ing te111peratme difference pro-
duced by a room beating unit i:,; clcpcnclcnt on a 
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Ta bl e 3 
Roo m Air Tem pera tu re G rod i e n ts 
Series 
I ndoor-Outdoor Tc11 1pcraturc D iffe rence, °F. 
50 80 
30"- 3" 60"- 30" Cei ling- 30" Cci ling- 3" 30"- 3" 60"- 30" C<'i linl-! :;o" Cei ling ;y1 
Level Level Level Level Level Lc,·el Lc,·el Lc,·rl 
Tem perature Gradients in Li,·ing H.00111 
IUR 2 . l l..5 2 . 5 4 .6 3 .4 2 . ,, 4 . I 7 . ,, 
2.5R 2 .0 1.5 2 .. 5 ...I_ .;) 2 . !l z .:; 2 . !} .-; . 8 
32R 3 . 1 1 . 8 3.6 6.7 0 .3 3 . 1 n .:i JI . fi 
20C 2 .2 2 .0 2.5 4 .7 3 .3 a .;) -1. :3 7 .6 
9B 3 . 1 1.1 2 .0 5 . 1 4.8 1 .8 2 .8 7 .G 
T emperature Gradients in Dining Hoo 111 
19R 2 . l .7 4. l 
23R 2 . l . !l 4 .6 
32R 2 . l l . !l .5 .5 
20C 2 .8 l.8 3 .4 
UB 2 .2 1 .0 1. 8 
num ber of factors, including the location of the 
unit in the room, t he phy ical dimensions of t he 
un it , the rate of heat emission per ft of length , and 
the method of operation. The baseboard uni t used 
in the liYing room in Series 9B was located so t hat 
it " ·as under only about 50% of the windo,,· width. 
About the same percen tage of t he tota l " ·indo,,· 
,,·idth ,,·as roYercd by the un its in Series 32R. Both 
of thef'C se ri es showed fl oor to 30-in . level tem pera-
ture diffc renrcs of about 5° F. In the remaining 
;.:cric;;, in \\'hi ch the heating uni ts extended almost 
the full \\'idth of t he windows in t he living room , 
the Aoo r to 30-in . level temperature difference was 
about 3 ° F. In the din ing room a bout t he same 
percentage of total window width ,,·as protected by 
the room heating uni ts in all cries, and li ttle dif-
fe rence in fl oor to 30-in. level temperature differ-
ence ,,·as observed. 
One trend which is clearly indicated , i f t he data 
of T able 3 arc compared wi th imil a r data obtained 
in cold room tests, <2 • 3 • 4 • 10> is t hat t he ver tica l 
room temperature gradient ob tained in cold room 
tests arc much larger t han those obtained in t he 
I = B = R R esearch H ome. ' Vatc r 'ms used as the 
heating mediu m in t he R esearch H ome, while steam 
\\'as used in cold room tests. H O\\'CYCr, the opera -
tion of a one-pipe steam system in t he I = B = R 
Ref'carch H ome has shmYn that even wi th t he same 
heating medium and the same room heating unit, 
the tem perature gradien ts in the R esearch H ome 
6 .2 
6 .7 
7 . 0 
6 . 1 
4 .0 
.J .0 3 2 7 .5 11 .;; 
3.3 3 .:3 7 .-1 10 . 7 
3 . 8 3 .2 !J .-1 13 . 2 
.i .0 2 .n fi.2 10 . 2 
3 . 7 1 . 4 2 .5 6 . 2 
we re sma ller than in a co ld rooni. <11 > Obviously, 
t he method of operation ancl the construction of 
the hou;;c han an important effect on the n rti ca l 
temperature gradient. 
T able 4 present;;; a Rumma ry of ob;;c rYa tions of 
the room a ir tempcratm es at t he 30-in. level fo r 
a ll se ri es of tests . In general, the second sto r~· " ·as 
warme r than the fi r;;t sto ry, and t he difference 
became more pronoun ced at large indoor-outdoor 
temperature di ffe rence;;. It ,,·as also observed t hat 
vari ations in t he temperature in second Rtory rooms 
was mu ch greater than in t he first story rooms. 
Therefore it was appa ren t t hat cYcn though the 
R esearch H ome was Rma ll and compact, the t her-
mostat !orated in the living room " ·as not able to 
main ta in the close deg ree of temperature regulation 
in second story rooms that " ·as possible in firRt 
story room,:. T his charactc ri ;.;tic 'ms obsc1Tcd \\'i th 
a ll t~· pcs of room heatin g uni tf' . 
At least once during each se ri es of te;; ts a de-
tailed Rtucly \\'as made of the a ir t crnpcra tm es in 
the living room and dining room through a com-
plete cycle of operation. These tests were made 
when t he outdoor tempcratm c was about 30° F., 
and th e~· were made at night while no one \\'aR in 
the roo ms. This was to in sure a minimum of ex-
te rn a l effects on t he air temperatures. 
::\[aximum and minimu m air temperatures ob-
served during these studi es arc reco rded in T abl e 
5. It is in teresting to note that t here 'ms ]c,.:s 
Tab le 4 
Average Roo m Air Te mperatures o t 30-i n. l evel 
I. Seri es 19R 25R 32R 20C 9B 
2. Outdoor T emperature, °F. 50 20 - 10 50 20 - 10 .50 20 -10 50 20 -10 50 20 -10 
3. Avg. Air T e mperature 72 .7 72.<1 72 . 1 72. 7 72 .. 5 72 .3 72 . 8 72 . 7 72 . 7 72 .5 72.4 72 .4 73 .0 72 .6 72 . 1 
1s t Story 30" Level, °F. 
4. Std. Deviation ± 0 .3 1 ± 0 .30 ± 0 20 ± 0 . 2.J ± 0 31 
1st Story Air Te mp., °F. 
.). A vg. Air T emperature 72 .5 73 . l 73 . G 73.8 73 .8 73 . 7 73 .3 73 .0 76 .6 72 .8 73 .7 7.1 .G 73 .9 74 .. "; 75 . l 
2nd Story 30" Level, °F. 
6. Std. Dcdation ± 0 .68 ± 0 .63 ± 0 .76 ± 0 .4!J ± 0 . 70 
2nd Story 30" Level. °F. 
7 . Avg. Air Temp., 2nd Story -
. h g. Air Temp., ! st Story -0.2 0 . 7 I .5 1 . 1 1.3 I . I o.:; 2.3 3.9 0 .3 1.3 2 . 2 O.U J .9 3.0 (l ine .5- line 3), °F. 
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Tobie 5 
Cyclic Variat ions in Room Air Temperatures 
(Outdoor temperatu re approximately 32° F .) 
Air Tcn1peraturci; Series 19R Series 25 R Series 32R S<' ri t•s 20C 8eriei-; nB 
Din in~ Li ving Dining Li vi ng Dining Li ving Din in µ; Livi nl.!: Dining Li,·inl! 
H.00 111 R o01 11 _Room H.00111 Room Roo 111 Ro01 11 Boom Room Room 
3" Below Ceil in~ 
M ax., ° F. 
l\1in., ° F. 
:\l ax.- Min. , ° F. 
30" A bovc Floor 
!\lax. , ° F. 
Min., ° F. 
~I ax.-Min. , °F . 
3" Above Floor 
~1ax., ° F. 
Jilin. , ° F. 
~l ax. - ~ l i n. , °F. 
7!J . I 
75 . 8 
3 .3 
72 .G 
72 . 2 
0.4 
71. 2 
70 .9 
0 .3 
74 . 4 
73 . 1 
1 .3 
71 .7 
71 . 2 
0 .5 
70 . 1 
69 .8 
0 .3 
79.3 74 .!J 
74 .9 73 .4 
4 .4 1 .5 
73 .4 72 .0 
72 . 5 7 l. 5 
0 .9 0 .5 
71 .9 70 .8 
71 .·I 70 .4 
0 . 5 0.4 
va ri ation in the room ai r temperatures at all lcYcb 
when cast-iron room heating uni ts were bein g u,.;ecl. 
The a ir temperature variations were greatest " ·ith 
non-fe rrous convccto rs and the temperature Yaria -
tions produced by t he finned tube baseboard fe ll 
between t hese two extreme . The cyclic va ri ation:-; 
in room air temperature arc related to t he heati ng 
and cooling rates of t he room heating uni ts. Tho~c 
uni ts which cool off slowly during the off-period 
resul t in a more uniform heat inpu t rate to the 
room and, therefore, produce more uniform air tern-
79 . 2 76.0 78 .G 7,; . {i 74. . 9 1.; . 7 
7G .3 74 . 5 7:3 .4 72 .7 73 . 7 n . 2 
2 .9 1. 5 5 .2 2 .9 I 1 2 _;'j 
73 .8 72 .2 7-1. 2 73 .0 73 .8 n .o 
73 .2 72 .0 72 . I 71 .3 72 .8 72 .0 
0 .6 0 .2 2 .1 I. 7 1.0 1.0 
7 1 .0 68 .2 71 . 8 70 .·I 71.0 (it} . . j 
70 .8 68 .0 70 .!J <-m.n 70 .G G8 .8 
0 .2 0 .2 0 .9 0 .!i 0 .·1 0 . 7 
peratures. As pointed out in Section 10, the ca;;;t-
iron room heating uni ts heated and cool ed more 
,.; ]o\\'ly t han the others clue to t heir greate r mass 
and la rge r water content; thus the trends indi cated 
in T able 5 arc to be expected . 
13. Mean Radiant Temperature 
The mean radi ant temperature of an en,·iron-
mcnt is the temperature of a uniform bl ack en-
closure in which a :;olid bod~' or occupant \\·otild 
exchange the same arnount of radiant heat a,; in 
Fig . 16 . View of Living Room Showing Convectors Used in Tests 
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Fig . 17. Mean Radiant and Dry Bulb Temperatures, Se ries 19R and 20C 
the existing non-uniform environment. At any point 
in a room, the mean radiant temperature will 
depend on the temperature and thermal emissivity 
of the various surfaces and also upon the solid 
angle included by these surfaces. Because of the 
la t facto r, the mean radiant temperature will not 
remain uniform at all loca tions in a room, bu t will 
Yary, becoming lower near a cold wal l or window, 
and rising near a source of thermal radiation. 
In an effort to determine the comfort condi-
tions produced, the average dry bulb and mean 
rad iant temperatures over single thermostat cycles 
11·ere mea:::ured in the living room during each series 
of tests. An unh eated globe thermometer 8 in. in 
diameter was used . It was placed 30 in. above t he 
floor , near the thermocouple standard in the center 
of the living room as shown in Fig. 16. During the 
time that mean radiant temperature observations 
were being made the two chairs hown in the pic-
tu re were moved to a position where t hey would 
not hield the globe thermometer from direct radia-
tion of the room heating units. 
Figure 17 sho1Ys the resul ts of globe t her-
momete r observations made over a complete cycle 
of operation during eries 20C and 19R. The vari-
ations in both dry bulb and the indicated mean 
radiant temperature 1vere typical of t hose obtained 
in a ll series. The mean radi ant temperature is a 
function of the surface temperature of the globe 
thermometer and the ambient air temperature. 
Sin ce t he surface temperature changes lag behind 
the a ir temperature changes, the mean radiant tem -
perature indicated by a globe thermometer is 
hi gher than the true mean radiant temperature dur-
ing the t ime t hat air temperature is decreasing and 
lower than the true value wh en the air temperatu re 
is increasin g. To minimize these inherent errors 
ob;;:ervations 1Ycrc taken at regular t ime intervals 
over a complete cycle of operation , and t he average 
of all the readings 1Yas used as the "true" mean 
radiant temperature. 
For all series of tests, the difference between 
mean radiant temperature and dry bulb tempera-
ture over a range of outdoor temperatures is shown 
in Fig. 18. There was no significant difference in 
the performance of any of the room heating units 
tc tee! . All of the observed mean radiant tempera-
tures \\·ere within ± 0.5 ° F. of t he average curve 
dra\\"n through the test poin ts. The mean radi ant 
temperature was always slightly aboYe the cir~· 
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Fig . 18 . Mean Radiant Temperatures Minus Dry Bulb Temperat ures 
bulb temperature , the difference incrca;;;ing arproxi -
mately 1° F. for a 60 ° F. decrease in outdoor 
temperature. 
While there was no sign i ft cant difference be-
tween the mean radiant temperature obtained with 
any one of the room heating units tested and the 
mean radiant temperature obtained with any of 
the other units, the mean radiant temperature in 
all cases was above the room air temperature -
indicating that in a ll ca cs some radiant effect was 
obtained. 
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Measureme nts 
Table 6 
living Room Surface Temperatures 
Date 12-17-5 1 3-5, 6-52 2-15-53 2-H-52 
Sel'i cs 19R 2.5 R 32R 20C 
Outdoor Temperature, ° F. 23. 3 24 . .5 30.0 26 .4 
S urface Tc111peraturc at Loration 
West Wall 1. 70 .G 70 . 7 70 .4 71 .0 
2. 70 .3 70 . 1 71.3 70 . G 
.Vorlh Wall 3 . 69 .!J 69.8 70 .5 70 .9 
4 . 70 .. 5 69 .8 71 .0 70 .8 
5 . 70 .3 69 .8 70 .9 70 .8 
6. 70 .7 70 . 2 71.3 71 .4 
7. 71 .8 71.6 73 .0 72 .4 
8. 7 l .. 5 70 .4 72 .5 71.9 
East ll'all 9 . 73 .0 72 . -l 71. 7 72. 7 
South ll'all 10. 73 . -l 72 . 7 73 .8 73 .-J 
Crilino 11. 73 .2 73.3 73 .3 73 .6 
12. 73 .0 73 .2 73 .4 73 .:; 
13. 73 .9 73 .3 73 . 7 73 .3 
A verage 71 . 7 71 .3 72 . 1 72. 0 
Room Air T cmprratur<' 
3" A hove Floor 70 .8 7 1 .3 72 . 1 70 .7 
30" Above Floor 72 .r. 72 .8 7-l . fi 72 .2 
(-)0" Above Floor 74 .9 75 . 2 7fi .O ?:l .8 
3" Below Ceiling 77 .8 77 .3 77 .r. 7-19 
14. Other Factors Affecting Comfort 
Some of the facto r,; affecting comfort ,,·hich 
lrn\'c not been cii:-:cusscd in pre\'ious sections of thi s 
Circular arc air motion, relati,·c humidit:·. and the 
inside surface temperature,.; of the walb, floor, and 
ceiling of the room. No precise measurement of the 
a ir motion in t he room:; was made during the tec;t,.;, 
but there \vas no noticeable rnO\·emcnt of a ir in 
the rooms during any of the tc:;t sc ri co:;. Pre\'ious 
tests have sho\\'n that the air moYcmcnt aero,:,; the 
floor of the liYing room \\·as less than 25 ft per 1nin 
wh en the room \YaS being heated b:· 19-in. , 4-tube 
radiators or radiant ba:;;cboarc\. There \ra:; no indi-
cation in the tests being cli scusscd in thi,: Circular 
that this rate of movement " ·as exceeded \rhcther 
the room heating unit \ras bac;cboarcl, radiator or 
convector. 
The relative humidity \\'as recorded in the R e-
search Home during all tests. It \\'as found to be 
dependent on indoor-outdoor temperature di ffcr-
cncc but independent of the t:·pc of room heating 
uni t being tested. The indoor rclatiYc humidity 
ranged from about 40 % at an indoor-outdoor tem-
perature difference of 25 ° F. to about 15% ,,·hen 
the indoor-outdoor temperature cliffcrcncc \\'a;; 80 ° 
F. 1t should be pointed out that no cooking or 
washing of cloth es \\·as clone in the house during 
t hese tests. If these procc,:scs had been carried on, 
it is probable t hat the indoor relative humidit" 
\\·ould have been raised to 25 % or more, even in 
zero " ·cather, \\·ithout an:· furthe r form of humidifi-
cation. This amount is ufficicnt for comfort, and ·j:; 
about as high as can be maintained in a building 
not equipped with storm sash \Yithout cxcc:-:st\'C 
condensation occurring on the windows. 
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A spot check " ·as made of the surface tempera-
tures of the living room walls and cei ling during all 
::;c ries except Series 9B. These measurements were 
made on days when the outdoor temperature was 
just below freezing . Two sets of observation s \\·ere 
made during each test series. Table 6 is a summary 
of the surface temperature measurements while 
Fig. 19 hows the points in the room at " ·hich the 
temperatures \Yere taken. The surface temperatures 
for Series 32R and 20C were lightly higher than 
those for the other hrn test series, but the differ-
ence was too small to have any significant effect on 
the feeling of comfort in the room. A previous 
report< 13 > of tests on radiant ba ·eboards showed 
that these units \\"armed the bottom portion of the 
north wa ll of the living room to as much as 92 ° F. 
at 12 in. above t he floor and to 75° F. at 30 in. 
above the floor. Over 60 in. above t he fl oor the 
,;urface temperature obtained with ba,:eboarcl was 
the same as that obtained with ~ma l l tube radia-
tors. Thus, whi le no surface temperature ob~cr\'a­
tions were made during Series 9B , it is apparent 
from the results of previous tests that the anrage 
surface temperature obtained \\·ith baseboard 'rnu ld 
be slightly higher than those obtained with radia-
tors or con vectors; however, as pointed out in the 
report, < 13 > the difference is not sufficient to affect 
the mean radiant temperature. 
V. SUMMARY AND CONCLUSIONS 
The results of these tests showed that for al 1 
the units tested the fuel consumption, boiler \Yater 
temperature, flue ga temperature, C02 in the flue 
gas, boiler efficiency, and circulator operating time 
were independent of the type of room heating unit. 
Minor differences in room-air temperature gra-
dients, first and second story air temperatures, mean 
radiant temperatures, wall surface temperatures, 
and cyclic air temperature variations were observed 
for the different unit , but none were of sufficient 
magnitude to have a ignificant bearing on the 
comfort conditions in the house. 
The floor to cei ling temperature difference was 
greater when the 32-in. radiator \YaS used than it 
was during any of the tests of the other units. This 
difference produced by a room heating unit is de-
pendent on a number of factors, including the loca-
26 
t ion of the unit in the room, the physical climen~ion:­
of the unit, the rate of heat emission per ft of 
length, and the method of operation. 
In general the ;;;ccond story \\'as warmer than 
the first story, and the difference became more pro-
nounced at large indoo r-outcloor temperature dif-
ferences. This was t rue rega rdless of the ty pe 
of unit. 
There was less Yariation in the room air temper-
atures at all levels when cast-iron heating units 
were being used. 
The type of room heating unit did not affect the 
mean rad iant temperature at the center of the room. 
The mean radiant temperature \\·as ahrn~·::; ;;; li ghtly 
above the dry bulb temperature, the difference in-
creasing approxim ate ly 1 ° F. for a 60 ° F. decrease 
in outdoor temperature. 
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